The relative numbers of microorganisms associated with compost during mushroom production were studied by the dilution plate method. Thermophilic actinomycetes and fungi were isolated A4th a very high frequency early in the growing season. Although numbers of thermophilic bacteria diminished slowly during the season, the thermophilic fungi and actinomycetes diminished rapidly with the latter disappearing after 6 weeks. Mesophilic fungi other than Agaricus or Trichoderma remained relatively stable throughout the growing period. Agaricus could be isolated between the first and third break. Trichoderma became dominant after the fourth break. The mesophilic bacterial counts diminished during the most productive portion of the mushroom cropping season and then increased to much higher numbers toward the end of the season. 196 Vol. 20, No. 2 Printed in U.S.A.
During the process of preparation of compost for culture of mushrooms, Agaricus bisporus (Lange) Sing., certain thermophilic microorganisms, including actinomycetes, fungi (Torula and Humicola), and thermophilic bacteria, are thought to render the substrate unsuitable for competing microorganisms and yet to produce an environment favorable for the growth of the mushroom mycelium. Mushroom mycelium will grow on noncomposted horse manure, but satisfactory yields are not possible because of competition with other organisms. Composted material no longer heats up, and composting is reported to reduce the quantities of nutrients available to competing organisms (4) .
The microorganisms associated with the composting process have been isolated and identified. These include actinomycetes and fungi associated with the early stages of composting (10, 11) and the thermophilic and thermotolerant actinomycetes and fungi present during peak heating (2) . A number of these organisms have been artificially added to compost in attempts to speed up the process of composting or to increase the yield of mushrooms. Pope et al. (6) added thermophilic fungi during the composting process, Renoux-Blondeau (7) mixed actinomycetes with compost at spawning time, and both reported increases in yield.
Although there are a number of studies in which the microbial populations prior to cropping of the mushroom have been explored, only two workers have been concerned with microorganisms other than Agaricus in the mushroom bed during the periods of mushroom production. La Touche (5) identified fungi in the compost and(or) soil of mushroom beds and classified them as parasites, invaders, or as having varying or doubtful status. In a study in which the effect of nutrient supplements on mushroom production was investigated, San Antonio (8) concluded that microorganisms may account for erratic results obtained when different amounts of supplements were added.
Because of the sparsity of information available regarding microorganisms associated with compost during spawn development and sporophore production, this research was initiated to determine (i) the types of microorganisms associated with compost beds during mushroom development and (ii) the ecological sequence of microbial populations in spawned compost during the cropping season.
MATERIALS AND METHODS
Except for the use of experimental trays, our techniques for growing mushrooms were essentially the same as those employed by commercial growers. A summary follows.
Compost is prepared by adding water, gypsum, and a nitrogen supplement to a mixture of hay and horse manure. These materials are processed outdoors for approximately 10 days and turned and watered five times. This composted material is moved into the growing rooms where it is pasteurized at 60 to 66 C for at least 4 hr to rid it of pests, and then it is held at 48 C for 10 days to make it suitable for mushroom growth. Next it is cooled to approximately 24 C and "spawned"; that is, the mushroom mycelium, grown on sterile grain (rye, wheat, milo), is distributed throughout the compost. The spawn is allowed to colonize the compost over a period of approximately 14 days, and then the trays are "cased" or covered with a 25-to 35-mm layer of pasteurized loam soil. The first mushrooms are ready to pick after about 20 days, and "breaks" or crops of fruiting bodies appear at approximately 10-day intervals. The compost is termed "spent" after 45 to 60 days because it no longer produces an economical crop. It is then "cooked out" at 60 C for 4 hr and discarded. Samples of the compost were taken weekly for 13 weeks during each of two growing seasons, beginning at spawning, from three experimental trays (63.5 by 49.5 by 15.2 cm) located in three separate growing rooms. Samples were taken with a tool designed to take a core from top to bottom of the spawned compost, after the casing soil had been carefully removed with a minimum of disturbance to the compost. The tool was made by taking two pieces of brass tubing, one 28 cm in length by 30.4 mm and the other 40.5 cm in length by 25.4 mm with a metal collar affixed at 28 cm. Saw-toothed serrations were filed into the end of each tube. Those on the larger tube were filed to cut with a counter-clockwise rotation, and those on the smaller tube were filed to cut with clockwise rotation. By rotating the tubes in opposite directions, a clean core could be cut through the compost. The cores were forced from the center tube into sterile glass jars with a small metal rod. The core sampler was sterilized between each use by dipping in 95% ethanol and flaming.
Each sample core was mixed thoroughly, and a 1.0-g (wet weight) sample was comminuted in a metal blendor two times for 30 sec each in 30 ml of sterile water. The resulting suspension was serially diluted to 10-7. One-milliliter samples of each dilution were mixed with cooled nutrient agar and glucose nitrate agar (3), and four plates of each were incubated at 20 and 45 C for 5 to 10 days. Bacteria, fungi, and actinomycetes were isolated in pure culture and identified.
Numbers of microorganisms were calculated as colonies per gram (dry weight) of compost.
RESULTS
The two media were selected for use in this study for the following reasons. (i) Glucose nitrate agar was as good as egg albumin agar for the enumeration of the thermophilic actinomycetes. (ii) Nutrient agar, which supported the growth of the known thermophilic fungi, was especially suitable for the thermophilic bacteria. (iii) Most of the genera of fungi were identifiable without making separate plates of each.
The fungi isolated and identified were as follows. The thermophiles (45 C) included Torula, Chaetomium, Humicola, Mucor, and Aspergillus; the mesophiles (20 C) included Penicillium, Mucor, Aspergillus, Monilia, Fusarium, Epicoccum, Trichoderma, and Agaricus. Other microorganisms included thermophilic (45 C) bacteria and actinomycetes and mesophilic (20 C) bacteria, yeasts, and Mycelia sterilia.
The populations of the different groups of organisms enumerated at weekly intervals ( Fig. 1 and 2) are expressed as averages of data obtained during the two cropping seasons at corresponding weeks after spawning. The thermophilic actinomycetes were detected in the early part of the growing period (Fig. 1) ; however, after about 6 weeks, they could not be isolated on the media used. Mesophilic actinomycetes were very rarely isolated and are not shown. Although the thermophilic bacteria did not disappear, their numbers diminished after the 5th week (Fig. 1) . The mesophilic bacteria were relatively low during the period before cropping began; they diminished somewhat during the early flushes of mushrooms and then became progressively higher toward the end of the crop. Thermophilic fungi, including Torula sp., Humicola sp., and Chaetomium sp., were isolated from almost every sample, but these fungi showed a definite trend toward fewer numbers as time progressed (Fig. 2) .
Quantitatively, numbers of mesophilic fungi, other than Agaricus or Trichoderma, remained relatively stable throughout the cropping period ( Fig. 2) . Mucor, Aspergillus, Monilia, and Penicillium spp. were the principle genera isolated; Agaricus became prevalent for a short time from the 5th until the 8th week. Since Agaricus does not produce asexual spores, the colonies isolated could only have originated from mycelial fragments. Later, Trichoderma sp. began to develop abundantly, forcing the abandonment of cropping.
DISCUSSION
Mushroom compost lends itself very well to the study of microbial ecology, because of the controlled condition under which the mushroom is grown and the relatively short time required to complete the ecological cycle. A definite microbiological sequence is apparent even with relatively crude sampling techniques, the known inadequacies of dilution plating, and the limiting factors of the nutrient media used in this study. Also, since a Waring Blendor was used in the preparation of all samples, the enumeration of the fungi must necessarily be treated as a function of sporulation plus mycelial fragmentation resulting from treatment. No attempt has been made to assess their relative values in this study. The thermophilic organisms dominate the environment in the early stages of mushroom development. These organisms are dominant during the periods of elevated temperatures in compost preparation; therefore, it is not surprising that they are abundant at spawning (2) . At almost the same time as the mesophilic microorganisms begin to assert their influence on the environment, the thermophilic population declines, and Agaricus, which is known to produce an antibiotic (1), becomes dominant; other mesophilic organism populations are relatively stable. The reason why Agaricus becomes dominant after the first break (4 to 5 weeks), rather than at casing time (2 weeks), is not readily apparent. Finally, the mesophilic bacteria and known pathogens of the Agaricus such as Trichoderma (L. R. Kneebone and E. L. Merek, Pennsylvania State Univ. Short Course mimeo, rev., 1961) are able to colonize the substate. At this point, the production of mushroom sporophores becomes uneconomical, and the "spent" compost is discarded.
The differences in microorganism populations found during this study reflect only those which are relatively easy to sample and identify. Other large groups of organisms, such as anaerobic bacteria, protozoa, and insect populations, must also be integrated into the ecological sequence within the compost and consequently to mushroom production.
The dynamic condition of microorganisms in the compost may explain many of the differences reported in results of compost supplementation (8, 9) and yield trials (6, 7) . Microecological situations, as indicated by single isolations of large populations of microorganisms such as Mucor, Penicillium, and Monilia species, may also greatly influence mushroom production. Studies of the manipulation of the microbiological environment, and of the subsequent effect of these microorganisms on mushroom production, are necessary before such questions of compost "spentness" and the effect of compost additives can be fully understood.
